Abstract
Introduction

42
Disinfection processes are crucial in water treatment utilities. Disinfection is 43 traditionally performed in drinking water treatment plants (WTPs) by chlorination, 44 which reduces significantly pathogens in water but may pose a serious risk to human 45 health due to formation of disinfection by-products (DBPs) [1] . The presence of a 46 minute amount of natural organic matter in chlorinated waters can induce the formation 47 of trihalomethanes (THMS) and haloacetic acids (HAAS), which are carcinogenic. The 48 use of chloramination instead reduces the formation of these chemicals but leads to the 49 formation of nitrosamines [2] .
50
Ozone is also a very powerful disinfectant able to remove a wide range of 51 microorganisms including those resistant to other oxidative means, such as chlorination.
52
However, it is a very unstable molecule, which decomposes very quickly. Studies have 53 shown undesired effects after ozonation, such as formation of nitrosamines [3] and 54 cyanogen halides [4] . Advanced oxidation processes based on the attack of the target 55 molecules by hydroxyl radicals generated by UV irradiation in the presence of oxidants, 56 such as ozone, H 2 O 2 or TiO 2 , are capable of degrading very efficiently numerous prions 57 [5] .
58
Disinfection processes are greatly improved in combination with other water treatment 59 processes such as filtration technologies [6] [7] [8] . Depth filtration is incorporated in the 60 vast majority of WTPs, and helps to reduce the loading of waterborne pathogens by 61 physical sorption or entrapment in addition to removal of particles to which they are 62 associated. Moreover, it may be effective for removal of DBP precursors. Membrane filtration processes are mostly advantageous for very stringent water quality standards 64 because of their high operational costs [9] .
65
One of the most widely-used materials in column filtration is GAC; however, this 66 material has very poor performance for removal of pathogens. Therefore, present 67 research is focusing on GAC modification and the synthesis of new composite materials 68 to be used as media for microorganism [10] [11] [12] [13] [14] . An alternative is the use of polymer-69 based composites due to the antimicrobial properties exerted by cationic polymers [15] .
70
These composites are of particular interest when dealing with water soluble polymers, 71 where surface anchorage is needed for their preparation. Tashiro et al. [16] processes for removal of microorganisms are scarce [18] .
78
Clay-polymer composites can be designed by adsorption of cationic polymers onto 79 negatively charged clay mineral platelets. The driving forces for polymer sorption are 80 the translational entropic gain due to removal of water molecules and counter ions from 81 the clay surface, and the electrostatic attraction between the polymer and the clay 82 surface [19] . Adsorption of certain polycations on clay minerals was considered 83 irreversible [20] . The use of clay-polymer composites in the removal of microorganisms 84 from water by filtration has not been thoroughly studied yet. In the current study, we 
147
In a parallel experiment, the deactivation of the cells after interaction with the clay In this analysis, the adsorption and convection phenomena occurring in the filter are Eq(2) is due to using 2 adjustable parameters. P1 (about +30 mV), followed by P2 (~+25 mV) and P3 (~+15 mV).
213
Based on the degree of substitution, the calculated charge density (CD) was 1. charged segments of the polycation after sorption [22] .
221
The loading of polymer on the clay was highest for P3 reaching a sorption plateau at i.e., the area occupied by one single molecule is higher, yielding lower adsorbed 233 amounts.
234
Evidence for these conformations of the polycation molecules on the clay surface was 235 supported by XRD (Fig. 3) . The clay itself showed the typical diffraction of 236 montmorillonite (M), but some impurities were detected due to illite (I), kaolinite (K), 237 quartz (Q), and feldspars (F). The peak at 1.37 nm is typical of montmorillonite in its Table 1 ).
270
Initially, 10 5 CFU/mL of E. coli were present in solution in the bactericidal tests. As a 271 control, raw clay was used and no bactericidal effect was noticed (data not shown);
272
whereas no free bacteria were observed when using the complexes P1/10/4.25 and Table 1 ), enabled to reach the 280 critical concentration needed for complete removal.
281
The influence of the conformation adopted by the polycation on the removal of bacteria 
292
The target site of quaternary ammonium polymers was reported to be the cytoplasmic 293 membrane [27] . The positive charge of the polycation apparently impairs the stability of 294 the cell wall of negatively charged bacteria, and also the outer membrane in the Gram 295 negative type. After penetration through the cell wall, the polycation is attracted to the 296 cytoplasmic membrane, increasing its permeability, and yielding bactericidal effect by 297 cell lysis [28] . Similarly to the bactericidal effect exhibited by the free polymers, it 298 might be also interpreted that the polymer -clay composites have bactericidal effect on 299 bacteria. The results in Table 1 , which demonstrate a reduction in the number of 
310
In the other cases the percent of adsorbed bacteria exceeded 93% and the percent of 311 dead cells exceeded 85% of the total.
14
The clay-polymer complexes were more bioactive than the polymers alone (Table S1 ,
313
Supporting Information). The bactericidal effect was much lower from polymer 314 solutions which included equivalent amounts to those of polymers sorbed in the clay-315 polymer complexes (Table 1 ). The larger concentration of cationic monomers onto the 316 clay surface was high enough to reach lethal levels for the bacteria.
317
The explanation of the bactericidal mechanism caused by polymer-clay composites is 318 still under discussion [29, 30] . Our results may point to a combined bactericidal effect in Table 2 (Experiment 3) with those in Table 3 were 96.5 and 98.0% after passing 3.4 L when using HCl-and NaClO-regenerated 360 filters, respectively, whereas a similar value (95.6%) was obtained initially. (Table 2 ) enabled to purify the water completely (i.e, below the LOD) 367 from bacteria after 8.4 L, i.e., at a 3-fold larger volume than that by the first filter alone.
368
In Table 3 complete removal of bacteria was achieved after the passage of 5.3 L through 369 the filter which included 1.5 g of complex. If the capacity of the filter is defined by the 370 volume which can be purified from bacteria to less than one particle per 100 mL (from 371 an initial value 5.2 x10 5 /ml in this case), then this result amounts to a capacity of 3.5 m 3
372
/ kg of composite. Using the same parameters as in Table 3 we calculated the kinetics of Analysis of the kinetics of filtration.
499
In this analysis, the adsorption and convection phenomena occurring in the filter are 500 described by Eq (1) as in Nir et al. [21] . A column of length L is filled with material 501 whose initial molar concentration of adsorbing sites is Ro, whose concentration changes 502 later to R(X,t). The beginning and end of the filter are at the coordinates X = 0 and X = 503 L, respectively. We consider that the pollutant concentration at the inlet, Co, is constant, 504 i.e., C(X,t) = Co, X  0, where t denotes time. 
